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Crop genomics: advances
and applications
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Soybean Genomics
Strategic Plan

® Goal |:Improve Utility of Genome
Sequence

® |mprove bioinformatics resources -
i D ractlcal app Ilcatons
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® Next generation

populations
® Selection against o o —
deleterious mutations e e

Asn Leu

® Applications of genome-
wide SNP data
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DNA Resequencing

® Most direct measure of
genetic d

® (Can assay all heritable
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Short Read Mapping
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Molecular Population
enetics

resequencing
in Drosophila
(Kreitman)

GenBank
begins

allozyme DNA
diversity in sequencing resequencing
Drosophila (Maxam & in maize
(Lewontin & Gilbert, Sanger (Shattuck-

Hubby) et al.) Eidens et al.)
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human genome
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Derived Site Frequency
Spectrum (SFS)
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QTL & SNP Frequency
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Next Generation
Populations

® VWhere are mutations that control
quantitative variation!?
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QTL Mapping

® (Quantitative Trait Locus
mapping

e X (~r

geny segregd
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Association Mapping

At S

® Statistical association C
between SNPs and SRaE f
phenotype

® Generally assumes

common disease (trait)
common variant
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Assumptions

® Future Resources - Next Generation

® Reference genome sequences and fully
‘resequence genomes for all major crops
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Multiparent QTL

® Multiple parental lines;
multiple generations

® Similar to barley
composite crosses from

1920’s

® Arabidopsis MAGIC

e e
i I8 RR ER EN

populations TN

® Drosophila synthetic

Macdonald & Long 2007
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Multiparent Population

Coarse X-chromosome

individuals

individuals

Macdonald & Long 2007



Multiparent QTL
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Allelic Effects
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Deleterious Mutations

® An mutation that reduces fitness or viability
(yield)

® Premature stop codons, insertions/
deletions, splice site variants

® Amino acid changes

® Cis-acting regulatory factors

® |00s to 1000s per genome in humans
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Deleterious Mutations

Rice .. .AACCACCTHN. . .
Brachypodium .. .AACCAp@CTC. ..

Sorghum .. .AACATCTC. ..

Asn His Leu

Maize .. .AACEATCTC. . .

Asn Leu
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Deleterious vs. Lethal

® | ethal mutations - quickly purged upon
inbreeding

® Deleterious mutations - modest frequency
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Recombination Rate
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In Breeding Populations

Gene 1

Gene 1

Ancestral population

Gene 2
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Relevance to Crops

® The potential to purge deleterious
mutations is related to population size

® Many breeding programs have very small
effective size
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Applications

® ‘Reverse genomic selection’ against
deleterious mutation could improve yield

® Deleterious changes in genes that aren’t
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Genomic Selection

Standard breeding Genomic selection

Make crosses
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Genome Level Analysis

® Extended linkage disequilibrium in teosinte
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Inversion Evidence

e Decreased
recombination rate in |
inversion region ' o m  m m amem
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Association - Altitude

BayesFactor

Position
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Wild Barley Diversity
Collection
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Aridity - Western Asia
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Fer - Chromosomal

Wild Barley - Chromosome 5
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Opportunities

® (Genomics era has just begun
® Many patterns are easy to find
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